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Njr/ ' ( NGF I - B ; i s an orphan nuclear receptor that has been imp.; i oated in 
act ivat ion- induced T-co... _ ap cpt os : s . Ret : noi ds , potent immun° 

^^niodulators*** , were shown to inhibit, the act ivat i on- induced apoptos 
c: : ^n^ture thymocytes and T-celi hyb r : coma s . To illustrate the mechanism 
::r 4 v • rhibiticri, we o:-;amined the effects or retinoic acid (RA) on the 
expression ana transact. ; vat ion functions or Nji 7 7 in the human periphery ' 
blood rcrcmrtear ceils and the human T-cel ! leukemia, Jurkat . 
Ali-trans-RA remarkably repressed the DNA binding and transcript, i o n a 1 
induction of Nur77. Among the two potential trans-acting factors tnat 
activate Nur77 gene promoter, i.e., AP-1 and related serum response factor 
(RSRF;, al i-trans-FA repressed DNA binding and reporter gene activity of 
AP ~- but nct tha+: cf RSRF, suggesting that the inhibition may be mediated 
through AP-1. We also demonstrated a post transcriptional regulation of 
^ri^Y 1 ^ tunc lion by retinoid receptors by showing that transact ivat i on 
activity of cur 7 ' 7 was significantly inhibited by cot rams f ec: r on of 
RARmrha or RXRa i.pna . Kur'o bound RARaipha or RXRaipha in both yeast and 
mammaiiar. * ^ * * * - - + mybri ci^^ teem, suggesting tnat. direct 

~ * -protean" * * - ~ + "protein - * * * ~ * interact ion" + * between these 

receptors may mediate the inhibition. Taken all together, we demonstrated 
tnat RA repressed Nur77 function through multiple mechanisms that may 
provide tne basis for RA inhibition on the amoptosrs of activate 
7-1 vmrh.c?v + :.es . 
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hi rschsprunq ' s disease impair the binding of signal I in:? 

' .' ----- . , . m ^ e * , • 0 Buys, 

^.nanes n. 0. K.; hencir, Gi u:ore IN; Sunte.ro, Massing; 
r i. 1 1 aud, Marc f 1 ) 

ODE BORAGE SOGRGE : (!) Laboratoire de Genetique, CNRS GMF5641, b avenue 

Rockefeller, 69373, Lyon Cedex 08 France 

- : "' R — Human Molecular Genetics, (Get., 1999) Vol. 8, No . 11, pre . 

i 9 £ 9 -1 9 9 9. 
ISSN : 0964-6906 . 

3 00 OMEN 7 G V F E : Article 

...ANO; 'AGE : Eng \ i sh 

SGMMARY LANGUAGE: English 

AB The RET gene codes for a transmembrane tyrosine kinase which is a subunit 
of a multimeri: complex that acts as a receptor for four- structurally 
related molecules: the glial cell line-derived neurotrophic factor (GONE), 
neurturm, artemin and persephin. Germline mutations of' RET cause a* 
dommantiy irmeritel dysgenesis of the enteric nervous system known as 
Hirschsprung's disease [HSCR; agangl ronos i s megacolon). The majority of 
nSGR mutations results eitner m a reduction of dosage cf the RET protein 
or in the lose of RET function. Two novel distinct mutations of RET r hat 
led either to the deletion :>f oodon 1 0 59 (denoted DELTA] 059) or to trie 
substitution of a Pro for LeulOGl have been identified in five HSOR 
families. In one large pedigree, two children born from asymptomatic 
consangu: neous parents presented a severe form of HSOR and were found to 
carry one mutation at codon 1061 in the homocygcus state. A tyrosine 
residue at position 1062 is an i n t r a cy t op 1 a sm i c docking site that enaol-s 

— recruit several signalling mo 1 ecu ; os, including the She adaptor 
protein. We to -w report, that both HSOR mutations impair the fixation of Sue 
to RET ano consequently present its phosphorylation. In addition, 
querO :. t at ive ana I ys i s in P01G cells reveals Oiat mutation DELTA 1 0 '39 
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rat; embryo eoNA 
e y s + . e ; 

identified a short variant ol" FGF receptor 1, found most frequently in 
embryonal and tumor ceils and which possesses affinity toward bFGF that is 
significantly greater than that of the more abundant, fu.Ii-lengtn 
re oeptcr. We find the yeast ^nwo +i * + **hybrich** system, a most 

^native method for the analysis of growth f a ct or - re-cep t o r 
is well as for screening for novel interacting proteins ^roi 
us*"'* or EOF a no its receptors. 
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The uh:.quic ln-homo.i ogy protein, DAP-1, associates with 
tc-rior necrosis factor receptor (p60) death domain and 
_ sauces apoptosis. 
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factor receptor, p60 ( TNF-R I ) , transduces death 
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**"*two*-** - * + hyorc d* ^ * cicrunq te^hnioue, we isolated a 
uoiquit in-homoiocy pre te in, DAP-I , which specifically interacts w L t hi t. hf 
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"nesion ir;c:o- ulo F- ;adh-r : r: ; oeta-:a:enir: and 
ae iuxtamemrrano re.;]ior.. Unlike beta-catenn area 



"O ^ _L ; ; . 



— o, pidP Joes net i nt er a; 



c^pna-oatenm, the tur 



f ;; ^ res " rr aaericaatouF pciyposis oo 1 i (APC) , or tee transcription « actor 
l ' G - -1 ' suggesting that it has ar.iqae binding partners and plays a distin^' 
role in the cadheri n -eaten i n complex. Using pl20 as bait:, we conducted^ 
yeast ***tw:>*** - * * "r.ybr Id-' screen and identified a novel 
transcription tact or v/hicn we named Kaiso. Kaiso's deduced amino acid 
sequence reveal- i an amm e- t:e .r :t; i na.} BTB/TOZ * * 'protein* * * 

/'""P rctein "^ ** interaction* * * domain ana three ca rboxy- 1 em. i na ; 

::inc f 2--gers ( i the C2H2 PNA-b.i nd i rig type. Kaiso thus belongs to a raoicii', 
growing tami_..y ot P2Z-ZF transcription factors that include 'the Drosophi c' 
developmental regulators Tramtrak and Brie a brae, and the nunan 
oncoproteins BCZ-6 and PLZF, which are causally linked to non-Hodgkms • 
lymphoma and acute promye lo oyt ic leukemia, respectively. Monoclonal 
antibodies to Ka.^so were generated ami used to inmunolo^al i -e -he p^c^e' : r 
-^confirm the spec.:. : icicy of ohe P :2C-Kaiso interaction in mammalian^ ' 
ee.il s. Kaiso scGtincally ceprecipi t at ed with a variety of p!2Q-speci f ic 
monoclonal antirooies but net with antibodies to alpha- or beta-cateni n, 
F - c a d h e r i n , o r .e P C . 0 F< e o t h o r '2 c - 7 F cr ~ *~ <=■ : ^ s K ^ ; - ^ ^ r 3 q - +- ^ 
ret., eus ano was :;ssc:o.. aten wo_th scec: : : c nnoi^ar d^ +_ ^ v (= s,^ C 4- T T 4- * , 

repeats 1 to . pi;o and the ca rboxv-t e rmmai 220 amircracids ol Kaiso. 

In addition, Kaiso h: modime r : zeci via :. t s POZ domain but .it did not 
hetercdimeri ze with BCZ-6, which net erodimeri zes with PLZF. The 
101 v oio.ee meet of P02-ZF proteins :n deveiopment and cancer makes Kaiso an 
interesting candidate for a downstream * + *ef f ector * * + of cadheri. n 
and /or pi 2 0 si go -ling. 
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Oenes for ca .1 eineuri n B-like proteins in Arabidopsis are 
differentially reau ! atod by st ress signals. 
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rroteascnte regu.atcry ccrr.p lo:-: and i t s tossii:;.- in: r- a m •• > 
with the CIP9 conriex. 
""' H ' R : Kwck ' Shins Staub, Jeffrey M.; Jena, Xm^lvana ; 1 : 

" nl; ' ;:< ^-- ^-'vOP: U> Dep. M:l . Cell. Dev. Biol . , Yale Univ. , Now Ma — - 

06:120-6 104 USA 

Journal oi." Molecular Biology, (Jan. 8, 1999) Vol 280 
1, pp. 8 0-^5. 

OCUMFNT TYPP: Article 

Jngl 1 sh 

The nuclear localized, mu0t.i-subun.it COP 9 complex {or COP9 s i goa L os-rro 1 ; * 
s key devo lopmentai. ^ * * :v ;c e : * • • ;nv J-. ; n re or^sO:o' of 
photocorr.nrvTenesis . In an effort to £ U j. i.hei define trie molecular act i ons 
of — r( - q -ompJex, a yeast + * T twc t + + ** * hybr ; d* + + interact i ve 

s i r ;'" er: WaS ^dertaker: to i.ientlfy proteins that could d.ire::tiy interact 

— e suburu t of this c implex, namely FUSCl /CO PI 1 . This screen 
:aentif:ec one specific interactive prctem, AtS9, that is likely the 
Arabidopsis non-ATPase S9 (sublimit: 9) if the 19S regulator'/ compl ex' ' 1 r or 
the 263 proteasome. At 3 9 specifically interacts with FJS6/COP11 via tee" 
C-term.:naO domain if FJS6/OOP11, which is distinct from the: N-terminc 



a 



certain necessary fcr F JS J , COP 1 1 te mteraet with itself. As anticioat 



A rSH 



not a member of the COP9 complex, but tightly associates with ar 



u latere compjex, 



ATPase submit of the Arabidops i s 19S proteasome 

AtSCA. Since all three proteins, FJS6/COF11, AtS9, and At S OA, are present, 
as compl exec forms m vivo, the observed interaction implies that the CO P 9 
complex may directly interact with the 19S regulatory complex of the 26S 
proteasome or other potential AtS 9-containing complex. This notion is 
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: ' : - - :: ' :/ : — protein Interactions bet wee r: the AraO and EexA r Vr ,;, s 
:;-r:e regu.a-cr. sugaests that this regulatory circuit mav Prove is f -c 
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EKR, the : nt e ru oron- .1 nouood pro: e.ir. kinase. 
Tan, Seng-Lai.; Kat ::e, Michael G. (1; 
' RATL ' : ^ y - ; KCE: ;i; hep. X: crobi ci . , Geh . Med., Be;-: 3 1 'ERIE, >'r: : v. 
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~ iB Tnc --terreron-i nduoea protein kinase, PKR, is a rivotal ccrr.ponorE- o J 
interferon ( 1 FN } - i ndu ted cellular antiviral and antiproliferative 
response. The identification and characterization of proteins, of both 
viral and cellular origins, that interact with PKR have proven to be a 
valuable probe for unraveling the cellular regulation and function of PKR. 
Several studies haw- demonstrated that PKR forms dimers and that 
dirterizaticn ; s ttkely to be reguired for activation and/or catalytic 
--■"--tier.. It is therefore important to elucidate the mechanism of ' PKR 
d-imer formation ano the role of PKR + * *ef f ectors * * * in modulating 
kinase dimer i za t i on . Herein we describe the use of the two genetic 
approaches, the lambda repressor fusion and the yeast ***two*** 

**+hybrid+*~ systems, to detect and analyze homo- and heterotyp.ii: 
interactions witn PKR. We also describe several biccheinica 1 methodologies 
commonly used in our laboratory to validate the genetic results. Although 
• :he oxairxles :n this article focus on PKR, the techniques can easily be ' 
adapted to investigate protein-protein associations in a variety of ' 
experimental systems. Final, ly, a i ven the important role of PKR as a 
mediator of iPN-induced antiviral and antiproliferative effects, 1 nes^ 
studies may prcvi.de clues to the development of reagents that target EKE 
chance "he therapeutic use of 1 FN i. n the treatment of disease 1 .' 
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myogenesis. Drosophiia fill and the human he 

classic gel sol in 6- fold segmental repeats and an amr no-t erminal extension 
of 16 tandem leucir.e-r ich repeats (LRPO. ERR repeats form amphipathio 
beta-a structural units that m.ediate + + + crotei.rO^ - * * *prot eir.* * * 

interactions* w . Altai ugh tnera are close to 1C0 known ERR 
domain-containing proteins, only a few binding pairs have been identified. 
- r - s pacer, we used biochemical and genetic approaches to identify 

. interact with human ELI. In vitro synthesized ELI bound to 
ase ana bi riding was reduced oy com pot i i i on wi t h excess selaolc 
binding was mediated through the gel so J in- i i ke domain and no" 
..n. Although the ELI ERR module is 'mo 
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6 0s, the robust., nature a: 
* * h y b rid" T * systems f o r 



these * * * prot e in* * * - * * * protein* * * 
the rub 1 1 _:at 1 en of this technique in the late 
.. a r - r e a : _. w.^j u ^ .-. - - y i >■ e a s ^ ! - v - ^ 

functional expression library cloning has led to the identification of 
many novel proteins in ail areas of bioicgical life science research. 
Additionally, *+*two + ** - ***hybnd*** techniques provide a rapid 
a no versa^i ie svs ten, for the further itaracter i zat ion of discrete 

*- 'protein* * - - +4 "protein * ' no.-iat ictr^ . ^e.-ent 

y a r i at : s r. s r n t h ( r. b a s i c s y s t en: h a v e e n ab 1 ed a p p i .i c at 1 on we] i c e y one 
protein pairs, it .: nvesti^ate mui t i -pr etc in eomo.exes ana 
prote m- nuc.ee t .1 de interactions. Yeast * * * we * * * - ^ + hybr ; d* * * 
methods necessitate express i on ana subsequent; interaction oetween a 
"protein of interest" functional pair within the yeast cell, ultimately 
driving reporter gene expression and t.nus effectively linking 

** 'protein*** - * * *prot e i n* * * * ** interact i on* * * (s) to a change ir 

yeast tell phenotype. Functional * * * protein* * * - * * *prote in" * * 

*** interactions*** us in a the + ++ two*** - *** hybrid* * * techniques 
nave been demonstrated for all levels cf cellular biology; however, until 
re rent ly, extra :e 1 ,uiar * * * protein* * * - * * "* or o t e i n * ~ T 

*** interact i on 3 ** * 'veto excluded from, investigations using this 
technique. Investigations from several labs nave now demonstrated that 
extracellular proteins can be studied using ~**two*** - *** hybrid* 1 * 
methods, thereby enabling intense study of extracellular protein partners 
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and versatile system for the further character] zati on of discrete 
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p r t e i n -nu:ieot i d o i n teractions. Yeast * * + t wo * * ~ - * * * n y b r r d * + * 
methods necessitate expression and subsequent interaction between a 
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+ * * i nt e r a 1 i on s * * * were excluded from investigations using tnis 
technique . Investigations from several labs have now demonstrated that 
extracellular proteins can be studied using **+two** + - ***hybrid* + * 
methods, thereby enabling intense study of extracellular protein partners 
using the robust nature ana the genetic power of yeast. 
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been usee to study the genome of the hyper t he rmophi le Thermotoga maritima. 
To date, i" 7 o unique clones have been analyzed. . . 16 trpG and 14 trpT 
denes from other organisms suggest that the Thermotoga rp genes resembled 
corresponding genes from other * * * t hermophi : es- more closely than 
excect ed . 
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similarity with proteins in the PIR and GeriBank databases. Also, 

( 2 8 / h } } , constructed with random oiiqo primers, could be matched to 
s o ace- n - "-s in 1 - R and Gen Bank . Id-nt i 1 ioat : or. of genes from the 

pu L y .idt-.i y" I a t od . GcriC3 h,:vc also been identified f rnm a 1 to 2 eb aenon c 
GMA i ibrary . Here, (3/21} of genomic sequences anai.yi.eo could be matched 
to proteins .i.n PIR and GenBank. One of the genomic clones had high 
sequence similarity to the tryptophan synthesis gene anthranilate synthase 
component I (trpE) . Using this sequence tag, one Thermotoga trp cperon wa= 
isolated and sequenced. The Thermotoga maritima trp operon is arranged 
with trpE forming an overlapping transcript with a second protein 
consisting of a fusion of anthranilate synthase component II (trpG) ana 
anthranilate phosphor i bosylt ransierase (trpD). With regard to the fusion, 
the coercn c r q am i a t i cn is similar to Escherichia cell and Salmonella 
typhi murium, but laces the classic attenuation system of enteric bacteria, 
Ammo acid sequence comparisons with 19 trph, : 3 trr.G and 14 trph genes 
from otner organisms suggest tnat tne Thermotoga trp genes resemble 
corresponding genes from other * * * t hermophi i es * * * more closely than 
e xoe o tea. 
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extreme * * * t hermophi I es * '* * (Crer.archaeota) .in the archaeal dorr; a in . 
However, since the highest identity score was only 91.2'-:, it is suggested 
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Biue-qreer algae ( cyanoba cteria } contain both primitive phot osynt bet i c and 
respiratory system : r. :heir rerbranes . The controversial genes ceding for 
an alpha alpha 3-type cytochrome oxidase in cyanobact eria were examined. 
The ANA prcbe coding for the most conserved part of subunit I hybridised 
wisn ANA fragments from four cy jrobaet er la 1 species. We have cicneo the 
genes coding for subunit s 1 and II. from the * * *genorrii c + * *" 
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ami determined the nucleotide sequence of the subunit IT gene. The deduced 
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Atcv; contain: ng iiaancis for C u A (the ESR-aolivc Topper} similar to other 
submit lis. The 5. vulcanus suounit IT does not contain tne cytochrome c 
moiety that is present :..n bacilli and * thermophi 1 es * 
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{ 3 '21 ) of Genomic sequence.: analyzed could be ma tehee to proteins in Pli- 
and GenBank. One of the genomic clones had high sequence similarity to 
the tryptophan synthesis g-ime ant nran i. late synthase component 1 (trpE;. 
ts . n : this sequence tag, tne Thermotoga t rp cpercn was isolated ana 
sequenced. Tne Thermotoga maritima trp operon is arranged with trpE 
forming an overlapping transcript with a second protein c ens i sting of a 
fusion of ant n.ranil ate synthase component II itrpG; and ant hrani late 
on :sphe.:u nosy 1 1. rats f e rase ;c:rpfG. With regard to the fusion, the operor 
organization is similar to Escherichia coii and Salmonella typhimurium, 
but lacks the classi: attenuation system of enteric bacteria. Amino ac: 
sequence conparisons with 19 trpE, 13 trpG and 14 trpO genes from other 
organisms suggest that the Thermotoga trp genes resemble cor responai ng 
genes from other * k * t he rmoph 1 1 es * * * more closely than expected. 
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polyaoety lated. Genes nave al.so been identified from a 1 to 2 kb genomic 
library. i:e:t, (3/21) of genomic ccquer.jes analysed rrml d be matched 
to piotems in FAR and Gen Bank. One of the: genomic clones had high 
sequence sirci 1 arit y to the tryptophan synthesis gene ant nra ni 1 a t e synthase 
component 1 (trpE). Using this sequence tag, the Thermotoga trp operon was 
isolated and sequenced. The Thermotoga maritima trp operon is arranged 
with trpE forming an overlapping transcript with a second protein 
cor.sistinq of a fusion :A" a nt h ran L 1 a t e synthase component II (trpG) and 
actnrar.i late pnesph or: o tsyl t rats i erase ; t rp ■ ; . With rega rd to tne fusion, 
- : -, e ooeren organization is similar to Escherichia coli and Salmonella 

Amino a:: id sequence comparisons with 19 trpK, 1- trpG and 14 trpG qor.es 

corresponding geneo from other * * * t hermophi les* * ' more closely than 
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w i t h itself, OTP, and Ft sA was examined by analyzing the 
sensitivity of FtsZ to proteolysis and by using the yeast * "* * twc* * * 

* * 'to r . ; * * * system. The K-termiral conserved domain consisting of 3, 
ami no acids bound GTP, and a central region of Ft s Z , encompass i ng 

FtsZ: 20, whi ch was truncated at the end of tne conserved domain, was a 
potent * ** irJvibi tor* v * ^ f d -i vi s i on alfhouah it expressed norma 1 GTPa^ 
activity and could pci yrr.e r i ze . FtsZ was also round t o i n t. o r a o t dire-Toy 
with Ft sA, . 
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We nave isolated a human cDNA which encodes a novel I . kappa . B fami C, 
rremoer using a yeast r * + two* + + - ~ hybrid ~ screen for prcu 
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endogenous RhoB protein is regulated during the cell cycle, 
ntrasfmg w i t h the peritanent RhoA protein expression (1). using the 
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interacting witn Rho3, we identified a new mouse Rho GDD dissociation 
*** inhibitor* * * , referenced as RhoGDI-3. The NH 2 -t e rrru na .1 a helix 
^hcGDT-3 is st renal y anon; ratio ano differs thus from that found in 

or . v . . . actina or; Rab or Rhc, RhoGDI-o is associated to a 
Or iter '. Insoluble rtonbrancus or cy V os kel e t a \ subcellular tract.:. 

In the + + + + wo +*+ _ + + * hybr id* 4 " k ' system, RhoGDI-3 .interact:, s 
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The EiB 19-ki..ioaaltori protein (I9K protein) is a potent apoptosis 

* * * i r.hibi t or * * * and the adenovirus homo log of BcI-2 (E. White:, Genes 
Dev. 1 C : 1—15, 1996). To obtain a better understanding of the biochemical. 

which interact with El B 19E and Bcl-2 and promote apoptosis. hike 
Bax and Bak, Nb< was cloned from a yeast +**two*** - ***hybrid*** 
screen for proteins that interact with EIB 19K. Nbk contained BH3 but not 
3H1 or 3H2. It also interacted with. . . apoptosis. Nbk may therefore 
represent a novo 1 ! death regulator which contains only a BH3 that interacts 
witn ar.d aro a ccii i zos an cotes is + * ■* : nhibi tors * * sush as the EIB 1 9K 
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wore oc - • : by ;c in: ' : . • • yeas*. * * ' - * * 'r.vi: r:a* ' ' sy.-r 

nr. eract ion was observed between FtsZ and S u 1 A , a con;ponont ur r.he SoO 
response, and the interacting regions were. 
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kinase ■ MAFKKK ) family, TAK1 , was previously identified as a 
neiiarer :n the signaling pathway of TGE- . bet a . supertaviiy members. On - - 
veast *^*two^** - *** hybrid* * * system has now revealed two human 
proteins, termed TAB1 and TAB2 (for TAK1 binding protein), that interact 
with OAK i . TAB1 and TAK1 were co- immunoprec ipi lated from mammalian cells. 
Overproduction of TAB 1 enhanced activity of the plasminogen activator 

* * * inhi b: t or * T * 1 gene promoter, which is regulated by, TGE-.beta., and 
:.. ncreasevi the kinase activity of TAK1 . TAB 1 may function as an. 
Med : --.-a 1 i'tver ipt o rs : 
' ore co-'- . •* o • : * ; : . 
* ' : ... * ecu i s :■ i at. : : . 
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fmqer proteins, and has been characterized as an + *"* inhibitor ** ~ or 
both apoptotic and necrotic cell death. In order to clarify its moleculai 
mecnanism of action, we used the yeast-based *":wo + ** - ~ * *hybr id* ~' 
system to screen for A2 0-associ at ed proteins. Here we report that A20 is 
able to self-associate, and demonstrate that the latter. 
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Wo have i dent i li ed a novel human oyolophilln (hCyP-60) which interacts 
with che proteinase * * + 1 nh i bi t o r * + * oglir: c using the yeast 

+ t 'Co;' + " - + ** hybrid* * * system. A cBlBB isolated from a Raji B 
lymphocyte library reveals a domain showing sequence similarity to known 

* T * * p r o t e in protein interact! o r * * + 
amino acid sequence 
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with itself and other members of the Bcl-2 family, including 
Bcl-X-L, Bcl-X-S, Mcl-1, and Bax, were explored with a yeast ***two*** 

-*~hybrid*** system. Fusion proteins were created by linking Bcl-2 
• a]T[ ...Iv proteins to a Lex A DNA-b i. no i rig domain or a B42 trans-activation 
/>{ j p ^ + * p rn ^ e Pr * + * - * * *nrote in* ** * " * interact ions* * * were 

examined bv expression of these fusion proteins in Saccha romyees 
cer.;v...5iae having a laeZ ( . beta . -ga lactosidase ) gene under control of a. 

operator. This approach gave evidence for Bcl-2 protein 
homod.crierioacion. Bcl-2 also interacted with Bcl-X-L and Mcl-1 and with 
the dominant * * * inhibit :>rs * * * Bax and Bcl-X-S. Bcl-X-L displayed the 
same pattern of combinatorial interactions with Bcl-2 family proteins as 
Bel- 1 . t'se of. 
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Methods are described for detecting '**prctein + * + - ' * *prot e i n* * * 

interact i ons* + * , among two populations of proteins, each having a 
complexity of. at least 1,9 30. For example, proteins are fused either to. 
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